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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture 
piezoelectric body thin film elements enhanced in its 
piezoelectric characteristics by forming a crystal 
structure of a rhombohedral system having a specific 
orientation on a piezoelectric body thin film. 
SOLUTION: The piezoelectric body PXT thin film 
element is equipped with a silicon Si substrate 10, a 
silicon oxide film 1 1 formed on the silicon substrate, a 
titan Ti oxide film 1 1 A formed on the silicon oxide, a 
lower electrode 12 consisting of, e.g. Pt formed on the 
titan oxide film, a piezoelectric body film 14 of a binary 
system PZT firm formed on the lower electrode, and an 
upper electrode 1 6 formed on the piezoelectric body 
film. In particular, the PZT thin film 14 is of a substance 
of magnesium niobic acid lead added as a third 
component to titanic acid zirconic acid lead, being a 
crystal structure of a rhombohedral system, and having a 
(100) orientation of 30% or more of the crystal structure 
by an X ray diffraction film method. It becomes larger in 

a constant of the piezoelectric as the orientation of (100) becomes higher, thereby improving 
characteristics as an actuator. 
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[0 04 2] TSe%mtf:^^5^:^*>e.?BfiRf 
KiO. TmS©tS^S»<tPZTg(D*§TS^€ria-:5 
Wr, TmgiSK:JBfi£3n.5PZT®t©S5«144|fi] 

[0 04 3] (SItlfifil) C©Sli6fia|l{C*Jt»T«. * 

-r, ->y=j>ssi o±{cTm@i 2iL're#)&:^-'N* 

;^-C}BeKb/c. ;Xtc. BEmt^SMl 4 y;l/ffi 
«cj:»)j^fiSU/c. yju»iX©J:^(ciaS!lU/c. 
0. 1 0 5^JU. i?;l'=i-'i7AT42?-;UT-b h:^- h 
0. 045*Jl'. itS?-7i^^S^'5A0. 0 0 5^;i/<!:3 
0 5 V y F il/©S^^«r. 1 0 0 ♦CtCftD?^. 

it. 

-<V7a-1<+">K0. 0 4 0*^1/. h^i^j^jl- 
:?'o. 0 1 0*;u*i^;i'-fe7V-ii/:?'5 0 s >; y 5/ h;u 

tc;^^s-ermiJnL/fc. r-fe^-^i'T-fe i->€:3 o s v 

[0 045 ] Tmm'S:mi&Ltcmm±icmm.LfcV)i'^ 
X f > 3 - h 0 . 4 0 0 -c-ciBim^ u . ^^b^h© 
^iimyimmiimmL. setc. :/^i/©^^&i 4 o o 

fc. c©tinfi©fg{c, '•y;u4'©*yx5^u>i'-'U3-;u 

C0 04 6]i>:K:> •-in:?'X*^ hifeS«rf#^.)fc«t)RT 
A (Raid Thermal Anneainq) j^im^'^XMf^WfS, 

5iB.«ra-r6 5 0-c(cSn»b-ci»fflffi^Lr»'ur- 

-^I'^tf iSegi^j: P Z TWMi l^fc. 
[0 04 7] |IO'C©V>iW5:;:^f>n- h-C^7&LT4 
0 0 -CtciSjglfiSt-iXg?: 3SlS«PiIU. #^B^«©^&?L 
Sy^WISfitrSBUfc. i>CiC. RTA*ffll,»T6 5 0*C 

©i®?5Aj:?iigi c<o-:fVT=—-)\'(OU<oU!S.^4 
0 071»M8 0 0'C. »*0<tt. 4 5 07iS7 5 0*C. 
§6(C!ff*0<B, 5 5 07!iS7 5 O'CJcrSCifCJ: 
o-C. eta©|t?LSSK[©ffl)B#ffi*-i*{t-rSC<!:3js 

[0 04 8] $P.{C. RTAi^*fflt,»-rK«Slffia*7 

50. 8 00. 85 0, 9 00. 950. 1 000. 1 

0 5 o*c©sjae[(cft]f»L i^ra^Lrr^-^uL 
fc. ^©ife*i . 0 um<o!m<oKn{mm 

[0 04 9] C©J:^tCl/r»6nfcPZTffK'&XS 

R I N T - 1 4 0 0 mmmt:xm^Mn& i 

[0 05 0]1I3CC, 9 0 0*C-Cr--^H//cPZT» 
S©«HglStCj:4Xie®Jr^<a'->=&^-r. H4{c. 7 
5 0 -C-cr ::^-;UU/cP Z TI5©©|f ®S{C J:SX««il 



01 

[0 05 1 ] S3, m4icijkLfcxm^mj'^i'-->(o± 

f*S*-5(,»»iE:^S*»4*«. (10 0). (110) 

[0 05 2 1 S/t. E«iiRh(CT;l'5-'?ASffi*^ 
(10 0) ElSiaiJEmSSld 3 1 ©BH^^r 

Tjk't, 

[0 05 3] CCT. (1 00) ©lEf^SP (1 0 0) 
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* », P ( 1 0 0 ) = I ( 1 0 0 ) /£ I ( h k 1 ) -ca 

to 11 (h k 1 ) X^H^fSB^-C. j^g«:Cu 
Ka^^rffltifci^oa 0*52 0a~60S©PZT© 

(0 0 54]fc/cU. (2 00) S« ( 1 0 0) ffiilf 

mtJi^^m-C^^tctb. Z I (h k 1 ) {cli$j{)Aj:t,>. 

M:i^micit. (100). (110). (111). 
(2 10). (2 1 1) . m^m^^a>ma-c$> 

I ( 1 00) ». |5ID<PZT® (1 0 0) jfeSS 

10 mm^'tm.f. 

[0 05 5] 

* [«i ] 





P(IOO) 




750*0 


18.7% 


61pC/N 


aoor 


31.5% 


90pC/N 


850X: 


55.7% 


132pC/N 


9oor 


64.5% 


123pC/N 


95or 


52.0% 


120pC/N 


looor 


37.3% 


lOOpC/N 


losor 


14.0% 


88pC/N 



[0 05 6] (100) ©ieisisp (100) i)m< ta 

ESjei^d 3 lAi:;«c*<>5r-5T*J«5. T^^» 
[0 05 7 ] (»feWI2 ) >; 3 >»ffi±tCT^fiii 0 

^SO. 1 0 5*Jl'. yjl'3X'i7AT-fe3'Jl'T-fe h:^- 
hO. 03 0*Jk itB?v4^;^i/'?A0. OOT-tvl-i 
30 5 >; >; f F^KDB^S*. 1 0 0*CK:fln!»L-CS)»S 

[0 0 5 8 ] C(Dy;b5rSa*-C?#4PU. 9^i?>7^h7 
-fV:/l3sl<^^i^K0. 0 5 O^^V. '^V** h + 
^0.0 1 3*Jt'^x?=-;l'-fe^ V^U:?'5 0 5 >; hJU 

{c^^^-tirasjinb/t. T-fe5i^;UT-fe h>43 o s y y 
ji/* v^;nt3®2feJSffi^tiB){c*ro 3 osa%8SflnL. j: < 

JS»LrJ^S^c'/;Ut (Z r/T i = 3 0/5 
0) . 

[0 05 9] |3l«I^C5^;^3::.>?AT■fe9^;^T■fe^:^-^ 
0. 0 3 5-t;l/. 5^af>7^ h-^-rvt/P^H+S^KO. 0 
4 5 ( Z r /T i = 3 5/4 5 ) . MfCt?;!/^-'^ 
ATH2^;l/TH2 hO. 0 40-t;k ^if>f"h^ 
-fV?-o;J<+'>F0. 04 0*^1' (Z r/T i = 40/ 
40), 3 i^;Ur:j^':7Art:^;VTH2 h 
0. 045*;u. ?-^f>f-h-7-<yr^a7t<+v'K0. o 
3 5^:iU (Z r/T i =4 5/3 5) ©i>il'=i-'?A t 
>©«JiR©SAj:4 4^iSi©^/;^^K«:S8S^ly/c. 



[006 0] 1 tmm.ic. ^v>\yW.t^mm 

bE««tSllgl3R^=■*fPSSl/. »ffl?:tf^yt. a2«:Zr 
/Tit (10 0) ffi|taa[iE®£»d 3 1 <0^%^m 

[006 1 ] 



[«2] 



30 



Zr/Ti 


POOO) 


fiE%^ftd31 


30/50 


27.4% 


46pC/N 


35/45 


38.2% 


lOOpC/N 


40/40 


66.7% 


128pC/N 


45/35 


60.6% 


137pC/N 


50/30 


25.3% 


51pC/N 



[0 06 2] mmm i tm^v: ( i o o ) mm&p ( i 

00) *s?lf<^cSai'. ES3E»d3 1 < Jjc r> r 

[0 06 3] W±©ll«Sfi^ 1 RUZicni>'>X. TSPSe 
tLT. Pt. Au*ffll»rei?8Ufc*s. PZTI8II© 

(10 0) i5fSlg*5. 3 0 %&.±trj:tH£B:< . A u . 
Pt-Ir. Pt-Pd. Pt-Ni. Pt-Ti3|ffe 
©^j^rfem*. 

[0 0 6 4] $e>tc. ISSfiS^iU-C^y^^^iX't^A:^:*- 

•:m^^m^^x^mbtci}i. pzTiiig© ( i o o) e 

fSjSj&i. 3 O^KLhi Mentis < . -t,^r;l/-:*-:?M 
50 ifeitrNb. La. Mo. W. Ba. S r. B i^ifi 



(8) 
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to 0 6 5 ] I I . 'XVi. mSStCjFfUT. m^ntkl)^^ 

fiS-r s p z imo^m^mr^^mn^mi ( s e 

M) ^JC, 05© (B) « (A) tC/T^-TPZTKO^M 
[0066)01. 2(DPZTI814». 

liStDAsctissns, c©PZTM©T:^rtc*€.e<^ 

i 0.*ii5g$ntt,».5>, iliSaftcDeWiW. I^Sf 

[006 7] C©*SSma> ^B^B«i®)S/5!:'3(S] (05 CC 
iJl^rY-C^fo ) ©itiAi. *SH^iKE<D)gS:?3|6] (05 20 

i@/|g<l:^ia)©ili= 1/1 o«±i/3«T©«6Hrtt 

[0 06 8] 3 etc. C<DPZT®©ifea«jttt. 

ffi:^fir (111) ©i|gB^MK:^<12|fi)U-C 

D&CCT P Z T^<DM:&{4 ( X Y Z ) ffi©5S*^g«r I 
(XYZ) -c^b/c^w:. 

[0 06 9] 30 
I (XYZ)/{I (1 0 0)+ I CI 1 0) + ICl 1 1 )} 

M:&ffi (111) ©Eifiist. ff«o-r*s«t©re«R 

«. ^©jiO-C*-?). 
[007 0] 

(111) m<mmL «Et^■f»5e»c 

5 ox 8 0pC/N 

7 0 X 1 2 0 p C/N 

9 0 X 1 5 0 p C/N 

eB£©lli6ini. ( 1 0 0) ©eEl^S9^3 09<* 

PbT i „Z r.CA,Bh)cO, + ePbO 
(CCr. A». Mg. Co. Zn. Cd. MnSO^N 
i*»e>i5:SSPJ!P6af?3n*21i©^J5*fcBY. F 
e. Sc. Yb. Lu, I nRCXC r *iP>^cSi¥*^e.j§ 
S?3n*3ffi©#S*a-r. */c> B». Nb. Ta& 
CXS b*>6/i-5gf3!p6SIR3n4 5ffi©^S. */c»W 
SOf T e *>6?C-5ep*»6jatl?3 tl4 6 11©#)S«:^-r. 
*/c. a. b. c«:-e-n-en*;l']:b<i:L./cl©^, a+b 
+ c = l. 0. lO^a^O. 55. 0. 25^b^ 
0. 55. O^c^O. 5. O^e^O. 3. O^f 
^0. 15c, fir = h=r/2. n = 0-C*S3&J. (i 50 
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^(c, (1 1 1 ) ©iB(^i3S?^5 0%«±k:-r4C<!:«:j; 

[007 1 ] w^x>fH%ms.. tbsim^isffffi:^^^ 
!Si©stci:bCT-rs, c©tkiim^». 'mm-Brnn^ m 
5©Y::^(fij) ©*SSfii©:^ff Sj!i*^*t>ii<»::^*<. e 
Sffi*«^f^«. ifeB^ti*i«l:^ (05©x:^isi) k::^* 

<, **B^eW©iti*sm^f5i':A:#l,^ il^ -5 3*35^6. 
C©J: ^ )^f18j*4«i^/cP Z Tig 1 5 «. Emor^S 

[007 2] C©aS*>6. eEi^©J: ^ tc. ESt^K 

©^B^©flaffi:^iS]©iIi/S/l::^iS]©iPs©{ii*i i / 1 o 
±i/3JWT©ffifflp*3ic*jAi*ari,>^. i!?*u<»i/ 

8tl±3/l Oi5lT-C*«3. 3e>«:j(fSU<«. 1/6 
JiLh3/l IttTr^So 
[0 07 3] CC-C. PZTHtt. ZL^Wi^^m^L 
■r*fc©. C©-fi£:»^CC»=tS^*Jjn;^fcHfiK^^* 

^^5-<t-r.2.^>©Awatcfflt,^6n5. zirk^j^pzt 
©SfSUt^:att««l<tb-ctt, '/juy;i'«:±o-c. PZt 
)S*j^t!S-rsj«^«. &(ix.tf. ;^©{b^©fflfiX*wf 

4fc©t?*-5. 

CO 0 7 4] Pb (Z r.T i,..) 0, + YPbO 
(CC-C> 0. 40^X^0. 6. O^YSO. 1) 

i#^©-^»3g©p z ix©fb^-ca 

*>$n2>iffleR«rWr^>fc©r$.-5.. 
[0075] Pb (Zr.Tij..) 0,+YPbO 
(CCr. 0. 40^X^0. 6. O^YSO. 3) 

H^»3^PZT©jff*L/C>ft«:MiUt:«. 

if y > i'ffi-ctt. mrfBnfi£:»s^©PZTK:. tf«x.«. 
) *SJl]nL.)fcfelT«:7K-r{b^r«to$*i2,iffiER4 

wr.sfe©*«Pif6ni. 

C0076] 



+ (f MgO)„ • • • ( is:) 

L. A*i3ffi©^-C*'3. *>OB*i6fiB©^r?c 
<. A*S21i©^-C*0. 3^-:>B3!l«5ffi©^l5 

•C*^.lg^, s«l/3-CS>0. h«2/3-r$><D, S 
fc, A«Mg. B3jiNb©ig-^{CK0. n«14a 

•r. ) 

=«S;55-S©ct:'5W*l>C^:i:^tfatOr«, vi^^->-)A 
-:^-:^SSr. A*5Mg-C*0, B*JNb-C**). g*« 

1/3. h*i2/3r*^t©*iW6)4l-5). 

[0077] '/)l'yil'gfe{Ctt4*B^. 03fiK»c!:l/-C 
vdir*i/.5A-:*-:?^8S*flniLfcPZTK«. mtf. 
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Pb (Mg,/,Nb,/3) ... Z r.T i ,.,..0, (.xifi 
0. 35-0. 4 5) A^e.i^f^>ffifiX-C«7n?n^>o 
[0 07 8] cn6-fiX^mPZTSO*=*!S» 

fc*tC. eSg©Ba. Sr. La. Nd. Nb. Ta. 

Sb. Bi, W. MoSjyfCa^*i8Sijn^nr4>J:C^ 
iOtjCt. HfiX»J&-C«. 0.10*;1/%WT©S r. Ba 

3S-C«, 0. 1 0*;l/%t(T®Mn. N i <D^tin*i, ^ 

[0 07 9] ^c*j. pzrma. m^Lfcmm<Dj&, m 

( 1 0 0) ©ifeo^®. *4C^3:ffi:^(4 ( 1 1 1 ) <!; 

ffi*& (10 0) ©i^sM©i>-rn*»K:?^< geisii/-ci> 

0. (00 1) ©ies®K:Si<ierfi]orc>r^>j: 

[0 08 0 ] (Hife^S ) c©^i«*mfcEm 
[008 1 ] 0 6 (a)K:^f I?it?W, -> 'J a 1 

occf^K^k^rm^ i^';3>««±fc. ^mifio. 3- 

1 . 2 w m^©'> y zii^mtm 1 1 *JKes-rs. ^^c 

0. 00 5~0. 0 4 ummSL<09-^>m<tmi lAi 

[ 0 0 8 2 ] iXC^r. g^-i'^K'ffc^CC^ V^y^f-ttPh 
)fe4Tm@12?:, 0. 2~0. 8 Mmfia©I^J¥-C?g 

■riig-CJKRSLfcTSffi±(CPZTfil 4*. 0. 5- 

3. 0ymliffi©MJl-CJI5fiS-rS. Uis. PZ 
T|g©Kji5:.?i>'^••>'^fffi«r^^c■o/cti^<!:. y^uy.'u^ic 

[0 08 3] HifeWa- 1 : df^tCjcSPZTJl 

©iaj^:^^ 

hiUrfflt*. Sffiiag*2 0 Ar 
1 0 0%#fflSl4i-C. RF-7y;^ f-p>;^/N-2,^ y 

4 P Z Tia©BJIii*IS?&S«±tcj^iiE-r-5. 

[0 084] y;cc. c©g!rig<*s*»ni»Lies^bL/r«i 
i^$-ti4. c©flniSi«. KIR#fflmtti (^^tf. KIR 
fp. */cWK3RiTJU:rf>3Sf©:p^3!/>^<!:©ig^//;^ 
tf) (cfcur. iiig;pgK:»wrtf*>n2>©3&«*?s L/i». 

[008 5] tt£t>%. m 1 ©snJSixsKfcti-ci*, r 

T x«©mrfg«:K«:. ^^Slffi-c 5 0 0-7 
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[0 08 6] -JfJX.^ ®2©*0?^Xfi(C*j(,»-C«. ^Ofc 
A»fi«)tc». mi©*n}^li-riSB^tL//cB5^(*|g 

?r750-i200 -cgsrojas-csnfir 4. c©»njsi 

«. ifesf*©ei^*i, rmgi 4MK:j=turBssa::i^rS] 

:^©i|@<!:©H«6*i. Bffi:»isj©iH/ISJ5:^inj©4i= i 

/3~i/i ooeffi-f^fiK^n-ssr^is^ns. 

10 [0 08 7] C©i^fCl,-C, TtiS±CC. ^i^aftjtP 

^)^c<5. *iotif!i*sT®S®«:stL-riisgi»:6T^ (@5 

©Y:^) (C^iEf 'Sti'LtC, J^B^i*©*£B^&©eJit 

(S5©Y:^[^i]) m^n^^^^^cbmms^c^m (x 
:^) J;OS<. iesia©Kii:^r^©i}i<!:. ^^j^B^te 
©Bl®:*j*]©itiiora^**. ii®:^[S)©ili/®y5:;&i6]© 

i|ii= 1/3~1/1 0Oj6H{C*«,PZT|g*}i^^U 
[0 08 8] cc-c, lll©»nJ»ISi. ^2©*n?»x 
20 -:.fcf^. Mss-e?ftSPL. ■e-©f^«:m2©)5ni^j:^«:?f 

[ 0 0 8 9 ] m SO'»2 ©JJ0?8lXS-C«, fiJKtmJiJJ 

BtraufciSjS©pzTi®i s^ffjjKS-a-ff-BKD. 
©»nssiJ^*s^3nsA^ ^jiS©x^5c»ns^«:W 

ffl^s^SL/t^ J^cfc. lglS^>*m2©ttB»X^K*5t:ti 
»*L-l»SfiiIg». 5 0 •C/fi.>iJLht?* •) . iOJfS 
0 < 10 0 •C/i&'tLhr* s . 
[ 0 0 9 0 ] 0 7 «, ;^>'^• V ^m^i. -yXPZ T©i5lg 
30 Wmi:B^ti>m^iciaf.-}i. PZTM(X«> PZT 
if-yy h) ©j!f*0t»jafi£ffiH?r*br(,i-5>. CCT 

tt. maes^ibr. Ka©(ise) ©PbcA.eoo 

,©4j*^6> PbCMg,/,Nb,,.)0,?:fflt,i-Ct,»-5>. S 
7©A. B. C. D. E. F-cm^tlfcmi^ffiC<Diia.l& 

[0091]PbZrO, :PbTiO, : P bCMg^, 
Nb,,5)Oj=a : b : cifclJ/ci*. (a. b. 
c) i:^)V%-vmrt. i>:©J:^tc*4. 

[0 09 2] 



40 A 


(4 5. 


5 5. 


0) 


B 


(50. 


5 0. 


0) 


C 


(2 5. 


2 5. 


5 0) 


D 


(1 0. 


4 0. 


5 0) 


E 


( 1 0. 


45. 


4 0) 


F 


(3 5. 


45. 


2 0) 



•r^ito^, 10^8^50. 20Sb^55. O^cS 

5 o-c*-s. commit, ijib ( i ) ^stf^utmrn 
©»ancffiHr*s. 

[0093] Sn<0^m<om^ (C- B) ^mit>tdSM 
50 «. ^X©<i:*JO-C*S. 



(10) 

17 

[0094] PbTiO,*. PbZrO,J:i3. ^<f 

[0 095 ] 0 7 ©^EffliJ©!^!? (D-E-F- 

A> it. m^mSS^mm. < l O O p C/NtLh) «rf? 
SfcfefcSfe^^ifc. ?6(C> S7<7)±(!iJ©i^l? (D- 

c ) «. + * y -^fig*^s^ia«cia-3< /c«). -i^t 

[0 096 ] mmms - 2 : >/;l'yjUS{Cj:SSSi»:?3ffi 

c (D^ijmvit. p z T s*?f${Sw«8nc^JSfi£^®* 

[0 097 ] (-e©!) 20 
a. V;HiRS#l©fi£MXg 

:*3IJ6©JKSlK:*5l,^r . P Z Tffil*«fi£-r ■2>^«S^© 

P Z TIS?rJf5fiScprte^C^M©T;l'3 + i' 

iS^SCi-C. e£a5©PZTM©fflfi£?:?#^>Ci*i-C^ 

©^)SfiX^j-©-€'n-en©T;i'3+i' FSfc»r-b7^- h 

[0 098] :*:S©fe«?!l-C«> gi!i^S<J(C P Z TIS (EEm 30 

mm) t^nss-cjc. pzTig^itERr?>^fiS^© 

sS*jJ:!7T--;uj!igi4i«:^RS;:», ifJtoWlSfiS^© 

0. yjU©«^«^tJj£UJ:^<i:-r^ES(*M (3|sjl*fi0!l 

[ 0 0 9 9 ] i;;^. gEj£©t8^;&i]Ai|rJ 

i*SPZTM*?i^fcJ!t). y;KC*JCi-rSS^:9'*{k^ 40 

s»*>e)S*3n.2)aj:»3 ^2 o-=&;i'%$-c5fSL'< « 

[0100] :*:||JStWrtt> c©v^;v«W®»^^t^ 
c©W«ief^{b^«l«. $atgSC>mREB#«:8l)g©gia 
^K:|t35iJ:-ri. ^Wmi^\t. C©^«5iSi5-^^4$t?y;U 

-;HS{cfc(,»-c?SJgC!^ajc:^*i»jR-rs<>©i^A 50 
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[ 0 1 0 1 ] jtf S U < mt^6ns=glSi«»^Yb^i8j<t 0 

TSi'S?. TH2 5^;u-fe;i'0-;^SD:-e©^^<*. jJc^o' 

[0102] ncfc. *Slii{?9-Ctt. *f Ui^Kt'-jU?:^ 
JjOTSCir^ 0. 05« m *^®©«B?L*^^»WT i> 

Jte-rSCir. 0. 1 mnJWT©:'c*St?*>o|E(.»^^ 
[ 0 1 0 3 ] 5j<'jx5^u>yy3-;i'i 

L/T. ¥i^^a2 8 5~4 2 Om&<Dii<DtmMcm 
¥1^^S3 0 0-8 0 0^e©«>©*i5fjg«:ffll»6tl 

[0104] :^mmm('cmi>^^yim-cit, c© 
(b)#jfs) ±«:^flj-ri. c©^©ife^5:&ffi«#{cRa5£ 

[0105] s/c. m^icj^*)j&^^tifcf^<Dmm.. 

<,^-CJ^)7K#n^g^?LMy;l'»M©/l§*iO. 0 1 Mmfe( 
«0. 1~1 umSggi-r-5Ci*iJ:t,». 

[0106] ;xtc. s^TSsn/cv^^uiafiSi^^re^siaffi. 
*/c»2 0 o-cJWT©iaar»nj»-r.5. cc-c. c©fe 

8 0 •Cti±©SSf l£*g$4a^C ut^. 
[0107] b. v^;ns^ig)*^6ift4lg©y;Wkxm 
t}a*L/fcy;i'ififiR«j©JiRBIXgrf»fclBI*«EfiR 

[0108] mmt. V)\^ig^m<owk^i>'Mth. *>o 

[0 1 0 9 ] *||«6«f!|-C«. «lfiJ4Se*3 0 0~4 5 0 
•CI<CtZ>Ctiimi^l><. 3 5 0~4 0 O'CK-rSCi 

«:«. 1 0~1 2 0»ga*J»SU<. 15~6 0»!g 



09 

ffll»/<:tB^{C». l-6 0^gg3>s»SEl/<. 5~3 0 
[ 0 1 1 0 ] c . ^'UT-'^l/Xg 

[0 1 1 n ^m^m-cit. mis^tuxAo o~8 

0 0*C®®fflA5Jf3: L< . 5 5 0-7 5 0*C©©H-CM 
fiSf'SCi*!. J:»)«FSL.t^. «lfiS;B#ra». SEfiSiSSS 

^UjlF^is^ffl-r-SJa^tt. 0. l~58$P^?ig3!iliiiF$L 
<. 0. 5-2NFr^gS*5J;0*f*DC^. *fc. RTA 

(Rapid Thennal Annea1in<i)iF*ffiC»A:i8'&v 0. 1 
- 1 0^^g[*i»* L < . l-5»SS*SJ:»JSf*L/ 
Ci, 20 

[0112] S/c. ^:||ffi«?(-C«. c©::^UT--;UX 

m— ISPgiL/T, 4 0 0~6 0 0'CCDffiffl<DaeT-7"U 
T--;l'?:m^ 'Xtc. mr^^tUX, 6 0 0-8 0 
o-c<DSSHose-c-?"ur--;i'*tf ^. Sfc. 3 6{C 

j!f$L/<«. IS^iLr. 450~5 5 0'C©®ffl 

600~750•c©ffiffl©ae■c:/^T--^^*^f^. 

K*>6^j:-5®0C^3ii-/c. 30 

[0 1 1 3 } d. m*)m.bJLm 

-Xdc. mm Lfcxm a . b so- c %i!>*&: < <!; 1 miu± 

ccDiBl»3iILXSrff6<T.sig©j^. JStfiSiSS. 
^ u T i - ;t,^fr» . Tmmhicm i iHi<Dig*jgfiE o fc 

[0114] c<DmoiEbJM<Dmm^ii>ti^mmm(D 
mma. mii^mrj: p z Tis©ja/?%#«Lriee^-r 

ntfJ:t,»*J. f^i^-r^^iXXfi (Xige) {ctjl^Ti'^f 
[0115] cmoilLXg-cii. 5t«:JB^L/c)g± 

[0 1 1 6] cc-c. mnmic-^itstifcmtit. m 
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B^K©aaigtilSS^K:-fl:^bS n/cMi /:f -5., 
[0 117] Jite. IE^i*^M^^*J^fi!c-r.5/c«6©^N- 
5f-^>^'-^. ±mS©Jgfi£«. C©®Kr?T^C<tAi 

[0 1 1 8 ] e. •^n^;^*-!' hM*£H^fiKSXS 

-Xic. xmdvmcmic. mLU&e 00-1200 

•C. $6«:JfSl,<»8 0 0-l 00 0'C©ffiBrT- 

-m^ir^, mis.mmit, mium.^. ^m-rt^o:>m 

^. 0. l~5^ia@a3&s»*L<. 0. 5~2ffiHg|fi 
0. 1-1 0»mSW$i,<, 0. 5-3^ga*sj; 
[0 119] C©-^n:3'x*-f hffife^SXg. fJft 

■s. :a^a<j«ctt. ^— spif 6 0 0-800 xmm. 
©SK-CT--;u%m>. m-|9:^r». 8 00-10 

0 0-C©Sg-CT--Jl'=lrtf 5. Sl^c. SetCjfSsK 
ePg-Cfi. 6 0 0-7 5 0*C|iS©aS-CT::- 
-jU*?ft,^ ^ZUgPf-Cti. 8 0 0-9 5 0*C©fiSf 

[0120] i'J.±<D^mcJ:^X. Tm@ 1 4±(C. ^ 
ieB%»*i^ife»). *^-^ie^A5TmSl 4ffi«:)^fLt:0SS 

iS:^ifi]«:i?aE-r 4 i i t cc . m^B»(om^n<omm^m 
©151*5. Sig*SB^BtSt©0ii:?ri^©fi<i:OS< . ^a^eSt© 
|g/l:ms]©iPit. ^i^[*SS«l[©li®:&ioicDiti<!:©M^ 
*i. BI®:&isj©ii/iBi/5:^ifii©ii= 1/10-1/3© 

ffiH-C*^PZTMl 5?:?gfi£0/c, 
[0121] (■?-©2 ) iJ^tc. o©v^;i/y;uft* 
fijffl b /cffimft^M«T-©t!ig:5;ffi«: ot, » r ^ s . 

[0122] f . ^?LHyjU»IS}BBJcXg 
5fer . lui^ U:^cXg a SO* b >& . ii>^c < i 1 (l«±iBI 
OilU. 3^7LSy;US)l©ffiJBK«:0fi«-«.. ^cte. X 
SaSCfb{Ctet»T?gfiR3*a*)S/S. «IEEiaS«. 8?^ 

L/fcSijgxfi (-e© 1 ) icmcz, 

[0123] *||fifi0ar». a®li©l!S)¥?r, 1 MmJW 
TtCSSer U<. 0. 5 tnnJilTK:t--5C 
i*S?^(CWSLU. c©Silll©lgJl?:C©gS«:-r 
-sct-c. ;x©xg (Xgc) «:teWiyuT--;u 

[0 124] c '. :7'UT--Jl/Xg 
B^M©#il®{b!^*ie>^cS)@K:s:»f .s. c ©««£«. 

iea<bU/ci«Mi-C»73-&ti«J:«,». 3£fc. C©«i«iR© 
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[0 125) d-. m*)iELXm 

yctc. xmfRUC iJ>J5:< i4> lIeIJi(±^OiI 

-SXH^S^CC l[D]J«±^OiITo CCDJc-^KTL 10 

-c. f^^m(D^mmitmf)^^rj:i,m=^^^^mm intern 

(0126) CCDXSd '{CJcoTff 6nfc8!effii©M 

[0127] CC^OilLXIl-Cti, 5t{Cjf$fi£LfcM± 20 

[0128) ^C*s. EEm»»K^^?:ffM-r^.fci{)©^^• 

[0129] -€-©fi> Xfle^tft^ T^ffi 1 4JiJC. 
Pi^^B^itpfbUK). ii^r>i&n*^r^l AWicMOrVSgi 30 

ifi. ^-^^<oi&/^ms^<ot&-- 1 / 1 0 ~ 1 / 3 © 

Effl-C** P Z TB*JgRKL/fc. 

[0 13 0) ^^tC. H6 (c)tC5^TXg-C«. S6 (b) 

tc^i^-rx^rfffcPZTK±«:. T.f^v^m'^Jz'yX. 
m^lfi. 0. 2~1. 0 ym!iS©T;U5^'?A3&ie>^t 

[0131) COi^tCL/r, S 2 «C7n-r)Em^f»lg^ 40 

^t:®!^® fc#SE c <fc *JfiliS 3 ti/c. 

[0132) (|Qfi^4) SIJS^3tCi;&«,EESi* 
JStlSSRT- i. PZTlK'&WljR-riil^Sf*© 

(Jt«Jo°al ) iCEmor^SSt (PC/N) ?:»JSL. 
/c i C 6 . ^n°o 1 ©ESor *5E»!». I 5 0 p C / 

N-c* 0 . Jt®a 1 ©E«or*3E««. 1 0 0 p c/ so 
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[0133) C©^m. ^?3D°a 1 «. tt;S?Q°a 1 «:i:b-<. 
m»Emori5>:£?^*^f CiJt»55iS3tifc. BE 

mo-r*Sf^©a'j5e« . 2 nm* © p z t k ^ h 5? - > 
©-f >f-y>xT:^^-<if*fflt»ytgrs^a'j3E<t. m- 

}#*.ai©gS^{cJjnfi€:*>W/c^{c. 

^thnKi: 0 *i*fc^a£tH:^^i ©Sk: J; 9 ^» 

^aSiC. 08Kn^-rPZT®©^S^:7nfSEM^JE 
[0 134) ?Cfc. ^SSpasrtJ. PZTK*. 

K:MLt:^Sit:*(S)«:#«Ei,/c«ji«:{titfcP z TK* 
BfS^m-c^init. f6©:^^«:j:«5SSi§L/r«>J:i,»c<i: 

[0135) */c. mmms-ciit. iss»©*4i!i*s, % 

oymmy^f^comai. c ©t£H^ie©MM:^[fi]©im: <d s 
<. ^^iKt©)^il*[6i©*a<!:. ^gE*SSiKt©®M:&[^© 
4i<i:©re«R3!>i. ig|®:&inj©*i/iSJiE:&isi©iH= i/i o 
~ 1 /3 ©ffiffl-cflt^^nrc^-s P z T^Koc^rSiHg 
bfcjis. PZTK«. ii>i& < i ^>i^B^^©ai?*i. 
©¥S«c*turKSB:*r6]«:#«ELt:c»*itf^i>. 

[0136] (^«^5 ) 0 1 0 tt> te©Emil|E)S^ 
^^^:«fi£•r■5TmS©»rB?:^r*3ESST■Si^»^ (S 

EM) 5?*t?*s. ^t*s. c<ommm-ca. smo^mm 

t^4i©ti3fc*{coi,^r3iHJL'> lliSM3 tl5|;^©1tBK 
RO-*Xfi{CML/-C». ^-(Dn^i^mCX. •€■©1*10 

[0137) c©si*60itcfigsffsttisBiiRT-i. mm 

Sft:»B^T-©TSe». :^7^:^iKfb5^^'>i©{b 

(T-^ 5^:^-9 9 fis%. mit=^^>imm%) 

tj:K>. C©{b-&!t?5©ieSft©etW*«. HlOtCiR 

fi^tc. »®©«®tc*turBisiit:^[6](c#^5Lfcm 

[0138) Sfc. COTmS?:«fiXT5ifeS(*«. * 

©tft^j&s. PZT®©i^{cj*L/rBSsi[:&i6iK»a 
L. igstf[©m::eri^©t§<b. igs^[6i©i@<<:©Ni^ 
]ra:J3fS]©iti/)a/l:^[S]©e= i / 1 o i /3 «b 

[0139) C©J:5«c«ji*ii^/cT«ffi». K<t9^ 
S^fc. PZT)®SC^f^*>K<blSi©?e&14*rSl±Sli- 
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[0140] -rXic. C©«tJ»«r{i*fcT1iffi©SJS]^;ffi 
[0141] 5fe-r. 06 (aJfCTS-rXSil^igl©*^ 

r . -> >; 3 1 0 ±«c . 3 >Kf big i i Riyf 9^ 

{b5^i?>i©^b^ (7•^9^:^9 9Sfi%. mit=f-^> 

»«i 0©Sffi{cMU-rBSaiS:&r6iK:?¥ffiL/fcltJg 

i©Ric^*s. JiM:^fS]©|^i/^;?:^^^^©|^i= i/i o- 

1 / 3 i SffiH-C^)S2 nfcTmS 1 2 ^mi> Cti)^ 

[0142] m^i^fcmMm^ tm^^<D-j5m 

■C. TUS 1 2 ±tc P Z TK 1 4SO'±me 1 6 ^BfS. 
fc. 20 

[0143] -^xic. mmm5icmt>i>s.'mwmmm^ 

^BJD°D2<!:I5I«<D^J6^«x/cE^i*®lg^^^ (tb 
te. 01 1«. C©tbKD°D2«r«Jfitr-5TSffi©WrS* 

ji^-r^MmT-pa^^K-c*^.. 0 1 1 «. 0 1 ok: 
«OS 0 ^ifJSr ^ c i «: J: o -c^f o 

[0 144] CCD^m. ^H^p°a2«> JStj-^Mi^f *%<!:- 30 

[0145] ttc, mMSi,2i.tmS22(>C':>l^X. 
®1 2CDPZTM1 4i©g»tt. SUT^^ffil 2<i:9^ 
f >K<blSl 1 Ai(D«iStt*SiSEl^/c. >i*s. C©S3 
213:, Xi7 5 -;;5^SSI«{CJ:oT?fo/c. C<Di|gm, » 
IB»°o2«. Jt«JD°D2K:J:b'^. TSSiPZTMi©^^ 
fS. Si:JfTSffii5^5'>»<blSi<DSE«!4i*>, 

[0146] J^cfc. :*:||tS«f5-r«. T^*K^©ifflfiX 40 

^tt. ^^'■7^:^*19 0~9 9. 5Sfi%. K<b5=^5'>3&* 

0. 5-1 om.m%t-ri>cti!fi'c^z, 
■ [ 0 1 4 7 ] ^m&mTit. Tss©fes(*©e 
S«i oco*®«:*M.Ti«itit:^«:?^L. S 

mmi;\^<Dmymmyj[ii<Dm= i / 1 o - 1 / 3 1 

^c^>ffiH-C«fi£3nfcTm@l 4«:oi>-Csftl§0fc*i. 

S« 1 0 ©aHec)i*orBSsa:&ifiiK:??ttort,»n«J: so 
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[0 148] Sfc, *Se6S^r«. Tm@?r, y'79i' 

^«J^£tr4>J:t,^ coiJ^b^i orti, K^b^^f >© 

ffe. m«. ^fbiS. S{bi?Jl/3::.'5A. K^bv^;';^i<' 

[0149] i^me) -XK.. mmi imu (d^^ 

l55±-r«. J: ^ cc l//c2(cj%W©5liSCaiK:oti-c|fta§-r?.. 
0 1 ©.■^,llgP©»r®fi2;;^0?:S 1 2{C^-r. C©0 1 2 
K:^K-rJ:-5{c. ffli(*Ml O^tctt. m2 0*5#aL 
■Cfcf), 03!>^fc-?-©m?U3:. Mtm<. ifSB^efiirt, *^ 
mi. eB^8iifeB^tS[©PdI«:. HDCS>6n?tB5a?L 

•€-©¥l^m?LS*s, 0. 0 1-0. I um-CR-o. ffiS 
2&e*J0. 3~5%-C*-S. 
[ 0 1 5 0 ] BEm<*K©Kil«. 0. 5~2 5Mmga 

JEtc. ffe©S©)?3(*. SSaiS3nT:mt»3!>i. m« 
S i 1 0 ~ 1 0 0 0 M mmm.. S i I^K^bM 

«. 0. 0 5~3umiis. imffiRcrrmsli, 0. 

0 5~2 umfigAW$Ut». 

[0151] JJiTfC. C©E«*lS*fflC>/cffm««^=■ 

©ssat:&a=&»fflKsi?«-r^*5. w^im\t. cti^n 
jfi0!l©K3S:^(cRBS s n«cc>. 

[0152]l?$400um, itS3'f>5^©S i Sffi 

'tesK-cgt^u/dj, 1 0 0 0 -0^4 ^pa, Tt^,^*^ 
timm^m»^-c. mmLxm^mitim\ i Mm© 

>;^''<--'4'ffiK:J:-3r. )SJ12 0 0:*->yx hu-A© 

TiKi. e®2 0 0 0:i->i''X ha-A©P tlii* 

;^ hD>;^^N--:; 5r?iK:J:-3-C. P tMifCKJll um© 

L/ca^tc. c©iiJSf*:lSi3:. T*Ji'7T;^t«;,®-c*o 

[0153] Bulg(*IK*5JgfiK$n/cS i ««?r. WtL^ 

jmmxEEnimtLfc. ■t©iei©aaifemi. mi 
isa».xmtux6oo'cxi^^ait-ritxmm,L, stc 

'e-©fIS2J)nl^XS<!:L.r. 7 5 o-c-c«feis*tf-?fc. 
E«{«S«©»?L©¥l^a?LS i MffiffiSOSaitCB. 
i«:r^iV7T;^R®-c©j®cti©PbifflfiSl:b. miJnJft 
xsfis. m2mmxmt^rsAm<o T*^u7r;^)s>t> 
p b3i5^i>tmssafffiSSBSi4>A* < fum^m 
ii2jjniaxs©as:5!>5isc»ci, *-5i»«. -e© 
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[0154] ]E§(*K®±«:$ etc. m.^-7if:^ h a> 
(0155} ±fBK:^i^-r<fc^J&:i5i»^ff^^M«:j:'5," 
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^-i'tJ. « 3 tcn^r J: ^fc«co/c. 

[0156] mKDmmit. 1f>7-JW?r®»rO, -^O® 

ifiT®«r^SMm^-siStii (SEM) (c-c. a^r-sci 

[0157] 
[S3] 





^ "7 -y ^ 




0 (^a;4««^2iT.riL4>0 


* 0 




0.02 


ML 


ML 


0.05 




M L 


0.08 


ML 


m L 


0.15 




* 0 


0.3 




^0 



[0158] iBL. m3'pK.^rv->y'}i'(omio:>mm « 

C\ flEl 0 0 V?r±TmSH(CErajnL'a'J5£Ufc. 20 

[ 0 1 5 9 ] C ©ifemtcO: 0 , ¥^^J^?LS3!»^. 0.01 
— O. 1 /Lim-C. ^7 .yi'^>J&<. m^'J-i't^cC^T 
i» ^ X - if :&f#6 C i 3!)S tB* S C i *t»*> -5 fc. 

[0 16 0]C©ffiS«. }i(T©J:^>-C*-5<!:^;^6*-i 

[0161] ftfn, mm?&m&i>iy'j^>m^K.tt^x 

[0 1 6 2 ] OSO. a?L*J*igS*-D/c»3t9*J. 2 



[0163] -:«r. «?LCDittS*i±fBeffiJ: 

[ 0 1 6 4 ] Sfc. lESftSR^i LrCDiK:J^lraiSs«^* 

tfr>fc. ^ft^iurw. iTseraccf'^-f-v-i 0 

%, SiStilOKHz. 3 OVCD^-NVl/XSJE^rEnitaL. 
[0 1 6 5 ] ^l&Sifta*iO. 0 5umJ!yT 

©li^tc « . 2X10 'mi-:i±(Dm o ii i/iw^tt ^yf^ b 

tcifi. W-i^mLm^O. OSum^mTi. 0. I umlH 
T©*i^«c**-»,>r». 2xio'ia*-c«c. ^{4fi*iis 

[0 16 5] (m^mi) mmm6tw\mi>cLx:, mi 

-i'ti. a4«:s^-rJ:^ccftofc. 

[0167] 
[«4] 



m»?Lffi«i«« <%) 


^■7 -7^ 




0.2 


* D 


a& 0 


0.5 


ML 


ML 


1,0 


ML 


M L 


2.5 


ML 


ML 


3-5 


ML 


£»7 


5.0 


ML 


^0 



[0168] fIL. S44'tC^f 1f>7';KD^?LO^lS3 
^?LS». 0. 0 3~0. 0 7 Mm©8iHF«9il//c. C 
0. Sl?L©SSffiS*S0. 3~3%-C. 



[0169] Sfc. iyXaym^KUmu^^ 
50 m. a?L©SS«S*« 1 %iJlTO«^(C«. 2X10' 
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[0 1 7 0 } *JS«^6SO'7«:M-l^-C. Sffi-iL-rS i 

«. 4=* ';-,=?.Ai2 0 O'CJ^Lh-C. m»ESi^S[d3i 10 
4»-5C i*sa3fe.2> 3 fiS^IKP Z T-C*€. C tifiMt. O 

■m^>S:mi^fc, 3fiR»^PZT-C*-5C<!:*sSSEL. 

[0171] 01K:». a.r.^;l/7S©Tii'^^x-^r 

0 1. 2 0 ui. E^^li-c**). 10 3. 20 

3«, ^ttc, 20 

[0172] xmrncomms) i i i . ^xtc, ij(±ittH^ 

(0 1 7 3] C<D'f>5'i^3;-y haSie^'^i' K«. -f> 
d7S«)2 7*S}gfiR3n/c->>;3>SS2 1 <!:. i^';n> 
»«2 l±{CJ^S£Sn/diB6«2 2<!:. !il&S2 2±© 

gfa{4g{cjfja$ n/cT^s 2 3 <»: , rm® 2 a ±t?* 30 

oT. '('>i'SJ()2 7«:)ftIc;L//c{ig{cj^J?£$n/cE^ 

2 4 6. mn^mm 2 4 ±(c^fdi$ ti;^±s@ 2 

Si. ->';a>Sffi2 l©Tffi«:S^Snfc02©S« 
2 Si. *«;it:«lfi£3n-Cli-5>, COSfe2 6«:«. 
'f>e'jB2 7{C«i-r-5-<>d'lltHlvX;l/2 6A*«i9:lt 

[0174] TmS2 3». g£^<DSiiSt^rsi^sn/c 

[0 1 7 5 ] COj-Oi'i^x h^aSii^-;* Kti. 40 
L/^CC W > i'jjSSS^/Mx-C > i'jg* 2 7 ^ > i^Tiigt 
l&Sni. CC-C. TSffi2 3«fc±Sffi2 5<t«:/M/ 
r. IEm<*S2 4(cmE«:Em]n-r€.«!:. KmWm2A1)i 

kjgor-f >i'?BJt>2 7rt?:*E«:u. -C^i^icmtJ^ 
[0 17 6] CCT. 'f^^'i^i hS;ffiSii-~^5' K{J. 
3i«-Clr4. so 
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[ 0 1 7 7 ] J: OR(*WK:tt. ;^<Di*j*) -c**. Em 

(*|g®«. y * Vx.v^l^ific^m^O. 2min, 
4mm«:>'>-dr-->i/(y. •> V :3 >«Sk:^:6-1±x ^ 5^ 
Vi'tCiO^iO. 3mm©3I^JgRS;Ofc. ±^?:Jg^ 
L^ca. :t/5;^S!{©m2S««!:fi?^0. ^^iP^^^m 

[0178] */c. C<Ot^m^ -J Htt. fi^x.«. S i 

ii{fc)g*iia&«<ti/. ■e-©±sPK:. wM.vm. 
nfc^B^'> y => ^mm^hu ^ 5^ ^-t . i^ttia 

■rs>':^Ji'*fil^/t:^f">u:5^SJ©>'X;i/« (m2©S 

wmtLx. K'^m^Ldniom^^ntLx. m« 
m3is.^tLx-7if^~>'yz.c.:f:mis^mmi^tc3is. 

it, "^(ommcx. m?L*s#ai/. ^i^^?LS7S5, 0. 

01~0. I umXK-o, W^'^&ifiO. 3~5%©ffi 

Hrt{c*^i. ^^©-f>i^y* y him-^v K©fts 

•tt. ar^fcic:^. 4 X 1 0*liI©En?:tCF.gS«!Q:J&>o 

[0 1 7 9 ] 7* hi y 5^ St. E|J^©ig;iR| 

«B{t*4oJfi6T. — t5t©Sffi*>6^^»©3R^*JKn5fc* 

[0180] *»?^K:J:^»J!iEm^*^^^«. ■?-©^}f 
«c^*fijfflu-c. a«©fiiji(cfflc»6*at:Mc». m 

i l/TfiJffl $ C <!: -C^-S. 
[0181] 

[«iJB©jaS] tU:a'^fcJ:^{c*SH^©ffm(*?f8l3R 
S®!^C^SgE|S]14«:^o/cPZT»M?rffll,»SC 

[0182] 3|s:«i?S{C<^^EtH*^lgJR^». C©fl}eX 

g^-r*^.Em<*)®©ifeS(*©SiW*5. msMKML-r 

VimW3\PiVi^^l,X\.^i,fcii^. P'^yfi^Sm 

[0 1 8 3 ] *SS{*©*SS&©l^:^iai©«ii*. 
teSf4©lSM*|Sl©i@J:»JS< r-SC ir. C©3Pai*% 
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{c*(*fl<j«c Cite J: o-C. C<DSaim%J:»)— msj 
[0 1 8 4] -eurs/c. T€iS*^7?-:^i. 

[ 0 1 8 5 ] TS@*^^r-S*SSf*<D«iW*. 10 

©*SB^8i[©)®®:^ifi]©ificfcos<-rsct-c, c<D5?i!):S 

[ 0 1 8 6 ] Sfc. *^B^©im)i^ftjg^^{j, Kii 
[0 187] S/c. 2t:^l3K:^^.S'f>d'i^if hSCSe» 
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: (S3] 9 0 0*CrT^-;l'L-fcPZT«)®CKS)g;^{c 
J: i> X^IhIJt''''* ^ - j^Ti^tSS-C* -5 . . 

C04] 7 5 0*crT--;i'U/cPZT»s<oigKa«: 
.<i: ^) XifiglHlSf'^' - >«:^j^-ri1$i40r*^. 

[05] (A) {*3|£^?a(C^*5S. Em®]g«^«r« 

^ (SEM) ^«-C**. (B) »-e©^®?:jnr«a 
7 ] 0 5 ©)E^{*»®©fifiK®ffl>&7i^-ri#140r* 

i. 

[SB] tbSJa^o 1 *«RX-r-SP Z TK©»r®«:^r*2 

(s 9 ] EI 8 tcn^r p z T)S©^®*^r*^«^sa 

[010] ffm(*^IS^^«r«BK-rS. etfceSCDTIi 

[011] i:t©a°a^«ifi£-r-5T«e®»fffi*in-r^^ 

[0 1 2 ] 0 1 ©..^.^gp©ifc*:BiM0-c*S. 
[013] *^l§«:J:4«SE1i^*Jfl^^%''^V■=t;^/7S! 
©T :x X- i>{Ctt;ffl L/ci«^CDi4m0-C*-5 . 

[014] :^^m<oE.m»mmm'^i'{>i'i^s. ne 
[015] ^mcDnmtimm<o < i > sc-c^$<i*ffl 

[??-^5tt?^] 

10 j^y3>s« 

1 2 T^fii 
1 4 

1 6 ±SS 
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[07] 
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[»aiH] ¥Sc8^1 l>g 1 1 B 

[#i^SiIE 1 ] 




0 0 4 £ t s^. a k . X 3 e : ^ k' • i : ia o >;.m" 



[^i^ffliE2} 

imjEMM^mm^] sis 



U D I S 
P 1 339U 




E 0 - ."1 A Y - 
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UD 1 S 




£0- JUM-96 


p I 5sa 












12 15. 




0K 1 . 00*»m 



[ffiiEMIl31g«] 01 1 

[011} 
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[»?fB] ¥fiSl4^6^26B (2002. 6. 2 6) 

1 0 - 8 1 0 1 6 
[^:^P3B] ¥S£1 0^3^3 1 0 (1 998. 3. 3 1 ) 
[^ii-^SSt] <2:^nff^ 10-81 1 

[ffiBSS-^] nm^& - 2 4 5 3 5 3 



B4U 


2/045 
2/055 




HOIL 


41/09 

41/187 

43/22 




[F I ] 






B4aj 


3/04 


103 A 


HOU 


41/08 


C 




41/18 


101 D 




41/22 


2 



[fiUlB] ¥fiSl 4^3^ 1 9 B (2 0 0 2. 3. 1 

9) 

L^mmiE 1 1 

■e-oi^B^^jg©. xiKHSfaiJSffi-csjjcL/c ( i o o ) 
KifiiS*^ 3 0 %ij(±r* set -r 

[f»*^ 2 ] Botap z TmmitV)Vir)vm-v!^ms ti 

[fg3}S93] BMig P Z T HM;!)^ ^ » >^i^JUr» >^iS 
terns ^^^^^fePZTjg^-Cj&iJ. B'i§gm3B&^;>i 

2iB«(©EES{»lilSSg'F. 

[g»^4] PZTffM*^. Pb (Mg,,,Nb,,,) 
...Z r.T i..,-.0, {xifiO. 35~0. 45)*>6 
fJiimtm 3 fB*8©BES(*»JS3R^. 
[ft*3B5} Z r/T i TSJ^Jbib-C, 3 5/4 5^ 
(Z r/T i ) ^4 5/3 5-C*^.gS^2gBig®EES 



Btcs* urBSSii::friDi(c0eJc3 nr^j: sss^^e tee© 

[sll*S8 1 «fr5BBE«(*IB©feS«IJi3WSM(*B^-C* 

D, mysii (111) ©*§sffi. s>-5i,»{iM:^{a ( 1 0 
0) ©iteSffi. «>ic^«®:)?{4 (111) tm:fjii ( 1 

0 0 ) ©teB^ffi©i,^-rn*>K:?s< iers]br(,»-5i««]i7 

sB:iS©EESf4^ISj^^. 

[ ^*Ji 9 ] mrgaEm<*iS©ili^jt*iiE:^rs-c* 

0. (001) ©*ssMcc!a<ia6ior(,>ssi^ 

«7fBtt©ESmfllS5R-?^. 

[sn-sm 1 0 ] Httfa*SB^^©iSB^tft©MJ5:^i6j©i}i 
*s. aS[iSai&©l®®:&|Si©iti i 0 St>ft*^ 7 IBSS© 

im^m 1 1 ] HiliaiBB^(*©«SS&©l^:^rsj©ifi 

1. ^s*^Sie©Kffi:^r6i©iti<!;©B8C^*i, ]^:)3r6i© 
iPi/lS/5:firiS]©ifi©ffi*5. i / 1 o «± i / 3 JiiTt?* 
^19^1 0§B«E©BEfS(4:3IISjR'F-. 
[ii5S^12} B!ri3Tme*i. r^^5^:^<!:, BfrlBEti 
«:IS©«)j£S3R-C* .S^TcSROiJ^t^J <!: ©<b^«5*^ 

-Slil^^l 7 gBi&©ESf4c3SlSjR'7-. 
[IS^l 3] B5iES5<b%*^ mit^^>. KftSS, 

^tt ■&»©**> 6il«ia.Sii>tt< it ia-c*SSSt:» 

1 2iB4S©S«(4^lljR'f. 

[ nnas 1 4 ] H^fBTse^fltJtKT i>m&m>nn 
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tj: S tm^ 7 tBt8©ff WISIST-. 
1 4 l3fS©BEti««l^^^. 
)iffi]&ifi)®4i/l®Ji:^jfij<![>4i3&s 1 / 1 0 feLh 1 / 3 

[ nim 1 8 ) i!rfaT«s%«ifiST ii^^woi&n 

itc -5 n^m 1 7 f d*g©iEmf*»is#^ . 
( mm 1 9 ] B«rtBT«e*«fi5c-r 

©Kil:^[^©ifi*5, ^K*SB^&©M®:^ifij©iH<fcOSt> 
ii^:^ 1 8 f a$g©IEMft1IM^^. 

[gt^^ 2 0 ] mtd.Tm.m^mii^tz>m^w<oi^^n 

•?'*i6Jte-5Sf©**i6jl«n-5ii>Jft< ifc ia-C*-5iS 
^ 1 7 iSi8©ffS<*iSlBUR-7-, 

[19*^ 2 2 ] BUS Bffli«^l^*i. -fiS^iS©5^ 5f >m 

ifiibUi, m>m 1 7 f a«©BEm«^js^T. 

[i«*3S2 3] Ig/SO. 5~2 5/xm©^i^af*J:0 

^f^.iim*M<i:. KffmK^:^l^t?2o©m®<fc*$^ 

immj. C©Sl7L©¥i^Sl7LS*«. 0. 0 1 m«± 

[ it*:^ 2 4 ) «rf aa7L©¥i^»7LSI*«. 0 . 1 m m 
«T-C*0, ^©ffiaigS**5%«T-C*4gi* 
^2 3iei£©Em^^. 

[gi*«2 5] E^{*]K*i. 2rS^*PZT (i^JW^ 
>»9^f *-5t^i. a2Efe»«PZT{cm3E£ 

L /c 3 fiS55-a5 P Z T-C* *it^ 2 4 ffiig©SI 

■C* ^> . if «^ 2, 5 ga$E©®]^E^fl:^T. 

Btyjua >^8K:^ 3 fiS^^Jjn^fc P Z T?glS^r v^-'Uy 

t»-C. PZT»S©J»«!iaiaS**8 0 0~l ooo*c-c 



«»4 C i <tT4ES»lgSR^Sig*&. 

[r9St52 8] Z r /T i *s^r;H:b-C, 3 5/4 5 g 
(Zr/Ti) ^4 5/3 5-C*-Sif^2 7ieiS©E 

CiS«5 2 9 ] SS±ec P Z T We*JgfiJtL.fcES» 

»«J:K:^S^?rJgfi£-rsmi©Xli<i:. C©^M^± 
{c P Z T©mrlE»lS*ir5R%^* U^c(,»#iiSl-c:^/'! 

^';>e'-r^ii2x?i<t, {:©B!rigtt:is?:sa*jisu-cp 
[i»*^3 0] S!ria^2ig(c*jw5PZTi'-y5- 

h©ffi^ffiffl€:, 

PbZrO, :PbTiOj:Pb (A,Bh)0,= a : 

btciU. a. b, c?r-€-n-en*Jl/J:b<bU/cti^. 

a + b + c = 1 , 

0. 1 0 ga^O. 5 5. 

0. 25^b^0. 5 5. 

0 ^ c ^ 0. 5, 

■c* -s c i ^rttsii -r fSJ}?^ 2 9 tmsDW.^vmm 
m^<Dmmi3^. lab. a«. Mg. co. zn. c 

d. MnSiyfN i*>e>a:-Saf3i»6j3tR3n-5 2fflB©^il 
tfcitY. Fe. Sc. Yb. Lu. InRDfCr*iP> 
)&:Sgf*^6iltR$*a-5 3tt©^)14«L> Btt. Nb. 
TaSiyfSb3&>6:&-5P*>6jMtl?$n-5 5ffl©^S. * 
fcttWJiO'T e *^e>3iS©f3!i^e>jltR$n-5> 6 jl©^=& 
^r. A*S3ffi©^)i|-r*>J. *>-:>B7!»S6ffi©^i|-C>i 

<. A*J2fl5©^-c*»). ip-oBmsmo^m 

MiCit. A»Mg. BdiNb-r^.2), 
C^5jtS3 n Biriaa : b : c^^ti'^ti^Jl^VotL 
tc^. (a. b. c) ifiA' . B' . C" . D' . 
E' . F' -CfflSnfcMiStcft^iiHS^IS Ofie*B©ffi« 

(*«lgUg^^©l«ig:^&. 



A' 


(4 5. 


5 5. 


0) 


B* 


(5 0. 


50. 


0) 


C 


(2 5. 


25. 


50) 




(10. 


40. 


5 0) 


E' 


(1 0. 


45. 


40) 


F' 


(3 5. 


45. 


2 0) 



P b Z r Oa : P b T i O, : P b (A, Bh ) O, = a : 

b : ctL. a. b. ci-^ti-^ti^MttOfcm^. 

a + b+ c = 1 , 

0. 1 O^a^O. 5 5. 

0. 25^b^0. 5 5. 

O^c^O. 5^ 

fflO. A«. Mg. Co. Zn. Cd. MnSO^NiJ&i 
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e)Jtc4©f36»6StR3nS2fli(D^)S*fc«Y. Fe. S 
c. Yb. Lu. I nSO'C r *^e))&:^gl*>ibjMi;?^n 
hSmo^m^^O. B«, Nb. TaRO'S b*^e>^jc 

g|-C*0, *^OBAi6{ffi®^-C<i< , $fc. A*S2ffi 
©^Jl-C^O. *50B*S5{i<D^)S-C*S«-^. g»l 
/3-C*»3. h»2/3-C*5. tmiCit, A»Mg. 
B*5Nb-C*-5. 

[ift^^S 3] lufBa : b : c 5r-e-n-en-=&;U%<!: L 
fcB#,. (a, b. c) *«A' . B' . C , D' . 
E ' . F" ■rHSnfc^JS«:*^,Sl3jt:B3 2IB4g©IIS 

A' : (4 5. 5 5. 0) 

B* : (50. 50. 0) 

C : (2 5. 2 5. 50) 

D' : ( 1 0. 40. 50) 

E' : (1 0. 45. 40) 

F" : (3 5. 45. 20) 



mifBEmjltS^^Ai, 18^:^ 1 7!>g2 6^^a'3 2g>C> 
[^«^«iE2] 

[*«iE*flfeSa«l 0 02 3 
[002 3 } 

pzT^^i^=lr^i^:fcII^^*«M^^^K:*^t^T, pzt 
it©. XiSiHit(TWMsfc-ciij^t,/c (10 0) leifijgTji. 

3 0 %«±-C* -set i r 
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